Abstract-Back-irradiance testing of high power diode lasers with absorbing substrates reveals catastrophic failure occurs when the return spot is shifted slightly with respect to the quantum well (into the substrate). Thermoreflectance temperature mapping shows this position to be the point of maximum facet temperature rise at the active region. Finite element thermal modelling, which is in close agreement with thermoreflectance results, indicates a root cause of thermal cross-heating between the absorbed backirradiance light in the substrate and heating in the active region.
I. INTRODUCTION
IGH power semiconductor lasers are the preferred source for pumping solid-state and fiber lasers. While the reliability of laser diodes operating in isolation has been studied in detail, much less is known about their behavior in real laser systems which expose diodes to back-irradiance due to reflectance or gain medium fluorescence. Back-irradiance has been clearly established as a reliability hazard, yet little is known about the root causes of such failures [1] [2] . Improved understanding of the impact of back-irradiance on diode laser reliability is important to the development of future systems.
II. DESTRUCTIVE TESTING
An experimental setup was built to permit back-reflection of laser light onto the facet of a collimated high-power diode laser bar. The back-irradiance system comprises a 4F image relay (with 3X magnification) with the collimated diode laser output plane at one end and a mirror at the other. Rotating the mirror at one end permits positional control (to within 140 nm) of the return beam at the other end in the diode laser fast axis at the facet. Pickoff diagnostics enable in-situ monitoring of diode wavelength, bar power, and the near-field intensity profile. The optical system operates nearly diffraction-limited, and the size of the return spot is estimated to be ~2 μm FWHM.
A 24-element high power diode laser bar comprising 200 μm stripe emitters operating at a wavelength around 800 nm was subjected to back-irradiance testing to assess its effect on This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract DE-AC52-07NA27344. Lawrence Livermore National Security, LLC catastrophic optical damage. The bar was operated at 2.9 A per emitter with 12 °C coolant flow. Using a reference x = 0 corresponding to the location of the quantum well, the position of the 2 μm return spot was swept in the fast axis from deep in the laser heatsink to deep in the GaAs substrate, with a positional accuracy better than 0.14 μm. The experiment was repeated with fixed mirror reflectances, starting at 13%, then 17%, and finally 24% at which point catastrophic failure of 10 emitters was observed. Figure 1 depicts the results of the destructive testing. The relative emitter power increases as the back-irradiance spot is brought into alignment with the diode active region due to a reduction in effective mirror loss. Interestingly, emitter failure does not occur at this point, but rather at a point positioned ~1.75 μm into the substrate. This "critical" point is caused by absorption of the back-irradiance light at the laser facet.
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III. TEMPERATURE PROFILING
In order to investigate the effects observed in the destructive test, thermoreflectance temperature mapping [3] [4] [5] was employed to profile the temperature along the laser diode facet under back-irradiance illumination. A thermoreflectance microscope was modified to permit the insertion of a small dichroic beamsplitter between the 50X objective lens and laser diode facet. Most of the laser emission was split out by the dichroic and separately collimated with a 20 mm EFL, 0.54 NA aspheric lens. A high reflectance dielectric mirror was positioned about one inch from the collimating lens, and an adjustable iris inserted in between to control the effective feedback level to the diode. This setup suffered from additional aberrations not present in the destructive testing which resulted in a ~9 μm FWHM spot size of the return beam at the facet.
A hard-soldered single emitter (CT-mount heatsink), having an identical epitaxial design to the bar array presented previously, was operated a current of 3.0 A (~3.5W) and at heatsink temperature of 25°C. The position of the backirradiance spot was again controlled by rotation of the feedback mirror and swept from the heatsink through the active region and into the substrate. The overall feedback level was 13.5% to prevent unintended damage in this nondestructive test.
A two-dimensional finite element microscopic thermal model was developed to simulate the temperature profiles observed in experiment. The model includes several features such as forward power facet loading, heat spreading through the facet mirror coating, thermal boundary resistance for the nonpumped window insulator, the submount corner radius, and chip/submount facet overhang. The model was aligned to experimental results to correct for errors in the calibration of the microscope magnification, mirror angle to back-irradiance spot position, and thermal resistance of the custom laser mount needed for the experimental setup. Figure 2 depicts an example temperature profile along the fast-axis direction for the case of the back-irradiance spot positioned 6 μm away from the quantum well into the substrate. The observed trend in the simulation matches that observed in the experimental data. Figure 3 compares the experimentally measured and simulated value of the facet temperature at the position at the active region as a function of the back-irradiance spot location. The maximum active region temperature is achieved when the back-irradiance spot is located several microns (about half the spot diameter) into the semiconductor substrate IV. CONCLUSIONS Back-irradiance introduced by the reflection of laser light can adversely affect the reliability of high power diode lasers. In the case of continuous-wave operation of devices with absorbing substrates, this work demonstrates that the position of the return spot matters greatly, with the most critical location being in the substrate near the n-cladding. Thermoreflectance temperature mapping and finite element simulation suggest the primary root cause of failure to be thermal cross-heating between the absorbed back-irradiance light in the substrate and the natural heating of the active region. X=0 is the location of the quantum well active region. Experimental data was measured using thermoreflectance temperature profiling and the simulation results obtained from finite element modelling closely match the observed profile. 
